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FAILURE MODES EFFECTS ANALYSIS {(FMEA) — CIL HARDWARE
NUMBER: 03-2F-131310 -X

SUBSYSTEM NAME: FORWARD REACTION CONTRCOL SYSTEM (RCS)

REVISION: 2 0vA19/98
PART DATA
PART NAME PART NUMBER
VENDOR NAME VENDOR NUMBER
LRU ! THRUSTER, VERNIER MC467-0029

235002, 235003

EXTENDED DESCRIPTION OF PART UNDER AKALYSIS:
VERNIER THRUSTER ASSEMELY - 25 POUND THRUST LEVEL (F5L,F5R).

REFERENCE DESIGNATORS: F5L
FSR

QUANTITY OF LIKE ITEMS: 2
ONE PER SIDE (SIDE FIRING)

FUNCTION: .
LEFT AND RIGHT YAW [+~ ¥ AXIS) THRUSTERS ARE PROVIDED IN THE FWD MODULE
TO PROVIDE PRECISE LOW LEVEL PULSING FOR ATTITUDE HOLD. THRRUSTERS AL SO
PROVIDE SOME PITCH (2 AXIS-DOWN FIRING) CAPABILITY. INCLUDES INLET VALVE,
INJECTOR, THRUST CHAMBER, NOZZLE EXTENSION, MEATER, INSULATION.
PRESSURE/TEMPERATURE TRANSOLUCER.
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FAILURE MODES EFFECTS ANALYSIS FMEA — CIL FAILURE MODE
NUMEER: 03-21':-1;131(1- 02

REVISION#: 2 1568
SBUBSYSTEM NAME: FORWARD REACTION CONTROL SYSTEM (RCS)
LRL: THRUSTER, VERNIER CRIMCALITY OF THIS
ITEM NAME: THRUSTER, VERNIER FAILURE MODE: 272

FAILURE MODE:
WALVE FAILS OFEN, VALVE FAILS TOQ CLOSE, VALVE LEAKAGE

MISSION PHASE: GO ON-ORAIT

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMELA
103 DISCOVERY
104 ATLANTIS
105 ENDEAVOUR

CAURE:
CONTAMINATION, PIECE PART STRUCTURAL FAILURE, VIBRATION, MATERIAL DEFECT,
ELECTRICAL FAILURE, CORROSION, SEAL WEAR, IMPROPER SOLENQID ACTUATION

GRITICALITY 1/1 DURING INTACT ABORT ONLY? NO

REDUNDANGY SCREEN Aj NiA

B Ni&
C) Nia
PASSITAIL RATIONALE:
A)
B)
c)

- FAILURE EFFECTS -

[A) BUBSYSTEM:

LOSS OF SOME PROPELLANTS. LOSS OF FUNCTION (VERNIER THRUSTERS) - LOSS OF
SINGLE DOWN FIRING VERNIER THRUSTER CAUSES LOSS (SHUTDOWN) OF VERNIER
CONTROL.
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FAILURE MODES EFFECTS ANALYS/S (FMEA) — CIL FAILURE MODE
NUMBER: @3-2F-131210-02

(B} INTERFACING SUBSYSTEM{S):
INGREASED GN&C SWITCHING AND USAGE OF ALTERNATE THRUSTERS,

(&) MIZSION:
MISSION MODIFICATION MAY BE REQUIRED. LOSS OF VERNIER THRUSTER DURING 1S5S

REBOOST IS A CONCERN AND NEEDS TO BE ADDRTSSED.

(D} CREW, VEHICLE, AND ELEMENT{S):
NO EFFECT

[E} FUNCTIOMAL CRITIGALITY EFFEGTS:
WO EFFECT

-DISPQSITICN RATIONALE-

(A} DESIGN:
25 MICRON FILTRATION & HEATERS PROVIDED TO LIMIT CONTAMINATION AND TO

FREVENT FREEZING.

{B} TEST:

THE QUALIFICATION TEST PROGRAM INCLUDED RGUSEH HANDLING, VIBRATION (34
MINIAXIS), FORWARD AND REVERSE INTERNAL LEAKAGE, EXTERNAL LEAKAGE,
ABNORMAL OPERATION, ACCELERATED LIFE DUTY CYCLE, PROPELLANT COMPATIBILITY,
BURST, HEATER OUT IGNITION, NOZZLE THERMAL TRANSIENT, MISSION DUTY CYCLE.

THE YERNIER THRUSTER INTERMATIONAL SPACE STATION (1SS} REBODST TESTING WAS
COMPLETED SUCCESSFULLY WITHOUT ANY DAMAGE TO THE THRUSTER. A TOTAL OF
SEVEN REEOOST PROFILES WERE PERFORMED SUCCESSFULLY WITHQUT ANY
SUBSTANTIAL CHAMBER DEGRADATION OR STANDOFF ERCSION. THE THRUSTER DID
NOT EXHIBIT ANY SIGNIFICANT PERFORMANCE CHANGES RESULTING FROM THE
REEOQST TESTING. SHORT ON TIMES COUPLED WITH SHCORT OFF TIMES RESULTED IN
THE HIGHEST HEATING TO THE THRUSTER COMPONENTS. THE REBODST TESTING
DEMONSTRATED THE CAPABILITY OF THE VERNIER THRUSTER TG SUCCESSFULLY
PERFORM A ONE HOUR REBOOST FIRING FROFILE WITHOUT ANY COMPROMISE TO THE
HaRDWARE LINDER WORSE CASE CONDITIONS
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FAILURE MODES EFFECTS ANALYSIS {FMEA) . Cll_ FAIL URE MODE
NUMBER: 03-2F-131310- 02

ACCEPTAMCE TESTING INCLUDES PROQF PRESSLIRE OF THE NOZZLE (150 FEIG),
EXTERMNAL LEAKAGE, CLEANLINESS, THRUSTER PERFORMANCE., QUAL TEST UTILIZED

THREE UNITS.

AMY TURNAROUND CHECKOUT TESTING 18 ACCOMPLISHEL IN ACCORDAMNCE WITH THE
OMRSD. THE DMRSD GATA PROVIDED BELOW IS NG LONGER BEING KEPT UP-TCO-DATE.
IF THERE IS ANY DISCREPANCY BETWEEN THE GROUND TESTING DATA PROVIDED

BELOW AND THE QMRSD, THE OCMRED 1S THE MORE ACCURATE SOURCE OF THE DATA

OMRSED PERFORMS THE FOLLOWING: THRUSTER VALVE MECHAMICAL FUNCTIOMAL
TESTING THE FIRST FLIGHT AND ON A CONTINGENCY BAS|S THEREAFTER. PROFELLANT
SAMPLING THE SECOND FLIGHT AND ON A CONTINGENCY BASIS THRUSTER
INSPECTION THE SECOND FLIGHT AND EVERY FLIGHT THEREAFTER USING A
FLASHLIGHT AND MIRROR. THRUSTER INSPECTION EVERY FLIGHT INTERWVAL USING A
BORESCOPE. THRUSTER VALVE LEAKAGE TESTS THE FIRST FLIGHT AND QN A
CONTINGENCY BASIS. TOXIC VAPOR LEAK CHECK OF PROPELLANT MANIFOLDS FIRST
FLIGHT AND ON A CONTINGENCY BASIS, A STATIC AIR SAMPLE THE SECOND FLIGHT
AND EVERY FLIGHT THEREAFTER AND OK CONTINGENCY. PREFARATION FOR SHIFM=NT
GF THRUSTERS THE FIRST FLIGHT AND ON A CONTINGENCY BASIS. FERRY FLIGHT
PREPARATION ON A CONTINGENCY BASIS. INSTALLATION OF PROTECTIVE COVERS THE
SECOND FLIGHT AND EVERY FLIGHT THEREAFTER., PROPELLANT SAMPLING THE
SECOND FLIGHT AND ON A CONTINGENCY BASIS,

{C) INSPECTION:
RECEIVING INSPECTION
INSPECTION VERIFIES RAW MATERIAL AND PHYSICAL PROPERTIES,

CONTAMINATION CONTROL
CLSANLINESS TO LEVEL 200 FOR MMH AND 200A FOR NTO 13 VERIFIED BY INSPECTION.
CORROSION PROTECTICN 13 VERIFIED BY INSPECTION.

ASSEMBLY/ANSTALLATION

FINAL INSPECTION OF ALL DIMENSIONS 1S VERIFIED. INJECTOR COOLANT HOLES ARE
OPEN AFTER EXCESS WELD BEAD REMOVAL 15 VERIFIED BY INSPECTION. SURFAGE
FINISH IS VERIFIED BY INSPECTION. THRUSTER VALVES ARE VISUALLY AND
DIMENSIONALLY INSPEGTED DURING FABRICATION. MANUFACTURING, ASSEMELY, AND
INSTALLATION PROCEDURES ARE VERIFIED BY INSPECTION.

NONDESTRUCTIVE EVALUATION

FUSED DISILICIDE COATING THICKNESS iS5 VERIFIED BY EDDY CURRENT. INLET VALVE
CLOSURE WELDS ARE LILTRASONIC INSPECTED. OTHER STRUCTURAL WELDS, UNLESS
OTHERWISE CALLED OUT. ARE RADIGGRAPHIC INSPECTED AND ARE EITHER
PENETRANT OF MAGNETIC PARTICLE INSPECTED.

RITICAL PROCESSES
WELDING, SOLDERING AND APPLICATION OF DISILICIDE COATING IS VERIFIED BY

INSFECTION. TEST SPECIMENS OF THE COATING ARE INSPECTED AND TESTED PER
MF3-0545 REQUIREMENTS. THE COATED ASSEMBLIES ARE ALSO HEATED TC 2500 DEG F
TOVERIFY COATING INTEGRITY. THE SURFACE IS THEN INSFECTED WITH A
BORESCOPE AND A VIDED TAPE RECORD IS MADE OF THE COATING CONDITION. WELDS
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' NUMBER: 03-2F-431310-02

(INCLUDING RESISTANCE WELDS BER MPS 1530 TACK WELDS AND STRUCTURAL
WELDS) ARE VISUALLY INSPECTED TOQ SPECIFICATION REGUIREMENTS.

TESTIHG
ATP 'S WITNESSED AND VERIFIED BY INSPECTION. WATER FLOVY TESTS, PER INTERNAL

TEST PROCEDURE, VERIFIES BY INSPECTION NO QCCLUCED PASSAGES. TEST FIRING
WITH MBAT $ENSORS VERIFY BY INSFECTION THAT THERE ARE NQ HOT SPOTE.
ELECTRICAL COMPONENTS ARE TESTED FOR INSULATION RESISTANCE AMD DIELECTRIC
STRENGTH AND VERIFIED BY INSPECTICN.

HANDLING/PACKAGING
MANDLING AND STORAGE ENVIRONMENTS ARE VERIFTED BY INSPECTION.

) FAILURE HISTDRY:
CURRENT DATA DN TEST FAILURES, FLIGHT FAILURES. LNEXFLAINED ANCMALIES, AND

OTHER FAILURES EXPERIENCED DURING GROUND PROCESSING ACTIVITY CAN BE
FOUND (N THE PRACA DATA BASE, THE FAILURE HISTORY DATA PROVIDED BELOW iS MO

LONGER BEING KEPY UR-TO-DATE

MOST VALVE LEAKAGE FaLURES WERE DUE TO CONTAMINATION. CORRECTIVE ACTION
WAS TO CONTINUE IMPROVING CLEAMLINESS CONTROLS. QONE FAILURE WAS QUE TO
CONTAMINATION BUILD-LYP.

{E} DPERATIONAL LUEE:
CLOSE LIFSTREAM MANIFOLD ISOLATION VALVE. THE TANK ISQLATION VALVE 15 A
BAGKUP TO THE MANIFOLD ISOLATION VALVE.

IN THE EVENT OF THE LOSS OF VERNIER THRUSTER CAPABILITY, THE PRIMARY
THRUSTERS CAN BE USED FOR MOST VERNIER FUNCTIONS, SOME BMISSION
OEJECTIVES MAY NOQT BE MET DIJE TO INCREASED RATE OF PROPELLANT
CONSUMPETION ON PRIMARY THRUSTERS.

- APPROVALS -
PAE MANAGER : D.F.MIKULA
PRODUCT ASSURANCE ENGR | LX.DANG

DESIGN ENGINEERING : LTOAPANTA
BOEING SUBSYSTEM MANAGER: D PERRY

NASA MOD ;8. LUNNEY
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